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NON-PEPTIDIC SURROGATES OF THE LDV SEOUENCF and thftd iter i„ rur 
TREATMENT OF INFLAMMATION, AUTOI^o"^ AnTKI KeSS.ON 



Field and Backm-m md of +_h* Invention 

The present invention relates to novel Leu-Asp-VaL (LDV) 
surrogates, to their preparation and to pharmaceutical 
compositions comprising . them for treatment of several 
disorders . 

The ability of blood cells to adhere to and to interact 
with other cells or with components of the extracellular 
matrix (ECM) is fundamental for maintaining cell function and 
tissue integrity through signals delivered between and within 
the communicating cells. Cell-cell and cell-ECM adhesive 
interactions are regulated primarily by a super family of 
cell adhesion receptors, the integrins, which are widespread 
on most cell types including lymphocytes, tumor cells and 
platelets . 

The integrins are heterodimeric molecules consisting of 
an alpha (a) and a beta (/ 3) subunits which are non-covalently 
linked. Eleven a and six 0 subunits have been identified, -he 
pairing of a and /3 subunits may be cell-type specific and 
determines ligand specificity. 

The integrins play an important role in linkino the ECM 
with the intercellular actin-containing cytoskeleton : the 
extracellular portion mediates the binding of adhesive 
proteins, and the intracellular portion interacts with 
elements of the cytoskeleton. 

The exit of cells from blood vessels and their ensuing 
tissue localization depends on receptor-mediated recognition 
ox endothelial cells, their basement membranes and the ECM 
The ability of various cell types to recognize and attach to 
components of the ECM may therefore be considered as an 
essential physiological feature of homeostasis 

Fibronectin (FN), a well characterized ECM-de-iveti 
cell-adhesive glycoprotein, is present in a varietv o* 
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Migration and differentiation, ^I,. 

pri^rily by the <x a L , V ' ' " reco «""^ 

sequences of the CS1 ^ - - - ™ spliced 

segment (Hies 1 of ™ 75 connecting 

-mi-l trLeptidf " ere reCCTtly Ch *«««"sd . The 

tnpeptide essential for rh* 

functionality of this domain is L , ""-adhesive 

(LDV; schemes 1 herein- Hu^h"- ^"Asp-Val sequence 

<* which is Dr *L"n HUm f ries "90,, the binding 

-oonii by Lte ; in Dt ::r of domain ™ — « - 

y 11 it:t -eprors of various ppI i 
as those on tumor cells ™h i , 75 S ' SUch 

»»»• -terestingly, the ^ i egr "'^ " 
« the recognition of vascular cell a Z lm P Uc " ed 
(VCAH-l, on endothel ia l cells alL \ ! molecule - 1 
distinct from that M i ' 3lth ° u 9 h this "inding site was 

.„..„ th " rec °9n««i on FN (Elices et a l,l990, 

^ i^rrr reco9nition ° f ™ - 
=ensitivit™ c :; a L io :ic:' i ~— u -"«- — 

Recently we have dp^irm^ 

structural nonoeptidie Pr ° dUCed Seve «! 

xionpeptxdic mmetics of tho prn 

soacer chain i in v RGD-sequence made of a 

,-ps Unte^t n :^;, D :;i::: in ^ 3nd C " bOXyliC 
compounds (ea s„,« *CT/US92/09951 ,. These 

< -9- "-(6-guamainohexana^ide,- pentanoic acid) 
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exhibit considerable affinity Jor the RGD . deDendenc ^ 
integrin a „-B, inhibit platelet aggregation, and 
interrere with RGD-dependen; adhesion or CD4-T Ivmohocytes 
and tumor cells to immobilized FN and vitronectin: in vivo 
the RGD surrogate effectively inhibited the elicitation of I 
CD4-T cell- me diated inflammatory reaction in nice 
indicating that the proteolytically stable RGD-mimetics may 
serve as useful therapeutic agents in a variety of pathologic 
processes which depend on RGD recognition . 

Summary of the T n venl-.inTi 

It has now been found according to the present invention 
that certain LDV analogues are effective inhibitors of 
cellular or molecular interactions which depend on LDV- 
sequence recognition. These LDV analogues are herein referred 
t0 as "LDV surrogates". 

The present invention thus relates to compounds of the 
general formula I 




(I) 



wherein 

Xx to X s are the same or different C, N, 0 or S 
atoms, at least two of them being C, and the Xl - X s chain 
maybe optionally substituted by radicals selected from 
halogen, hydrocarbyl, oxo, thioxo , amino and carboxvl , or 
^he Xx-x a chain or part thereof may form oart of a 
Heterocyclic ring, and pharmaceutical^ acceotabie salts 
thereof. 

In a preferred embodiment, Xl , x 2 and X. represent 
carbon atoms, X 5 is NH and X 3 is NH or S, and the X,- 

AS CMiR 15 subs ~^ted by one or two oxo grouos . In othe>- 

prererred embodiment, Xl , x 3 , n r y „ . 

. ' 11 A3 anc •* are caroon atoms, 

X 2 is S and X 5 is NH. 
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The invention further relates to methods for the 
Preparation of the LDV surrogates of the invention. 

anm- !• ^ SUrr ° gateS of invention have various 

applications related to their inhibition of biologica 
interactions dependent on Lnv « i°iogical 
«. LDV-seguence recognition, such a«s 

integrm-mediated cell f„ n ^,' mL 

relates to „h„ func ^°ns. Thus the invention also 

surroaat. , P ha — utical compositions comprising the LDV 
nf lZa^ T thS *—nt of several ^-rders, such as 

^h^nir 30 ^ 5 ' ^ diS ° rderS inVOlV±ng ^-rference 
wi-cn cell-matrix or cell-^i i , _ . 

c . J " L cel1 dependent immune processes 

p:c;::: si :r tions ' and inhibiti ° n ° f • - «— 

Brief DmcrinUnn of <- h e Dratt< „ a . 

to fi^'' 1 °T* SPeClflCi ^ ° f inhibition of T cell adhesion 
tofibronectin (pH) and la]nin . n 

inhibitory compounds: peptides GRGDSP AND EILDVPST, the LDV 
surrogates AC-16 and EG-4S »>. 

22 and BL-34. COT P« is ° n compounds AC- 

FN bv^e 2 3 ^ analySiS ° f inhiWti0n ° £ ' c.11 adhesion to 
by the inhibitory compounds as in Fir, , „, 

-f 800, 400 and 200 , g/m l. ' ' COnCen " a "°- 

to FK^bv "HT f Se " de - Dendent i-Wbltion of T eel! adhesion 
to FN by the EILDVPST peptide (white symbols, and the 
corresponding EG-45 surrogate (biac* sy^ols). 

Detailed D^crint^n n * > he TnrenT{ „„ 

inventLn^'r" 9 ^ *> «» 

calboxn e „d 33 C ° nSidered PSPUde «° 

respective ^ "* ^ ™»°»"*>n by its 

respective integrin and therefore do not affect its 
nhibitory activity, as is the case for RGD . lt „a a so 
urther considered that the » jor contribution of he LDV 
containing peptides for binding to their outative integril 

cognition sites on mtegnns depends on" the interac 
die carboxylate moietv of A^n , ae 

u • * p aspartic acid) i Ps id P 

hvaroDhobic Dockpr • • u . siae an 

pocKet in wnich the side rhain? ^- t 

i= =iue cnaxns Oi Leu are Val 
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are bound. The preferred conformation of this , ■ 

-st probably dominated ° n 0f thls ^peptide ia 

citations they have in the LDV ^ *™ 

As used herein the term "LDV surrogates- r»f 
compounds of fh= arrogates refers to novel 

tne general formula t i,_ ■ 

Pharmaceutically acceptable salts thereof ' ^ 

The term "hydrocarbvl" a* am , 

or branched cl-c./ a^ II TT 
°r alkynyl radicals, such as ? " alkSnyl 

i-opropyl, butyl, t obu " h " -"a*' Propyl, 

-d ethynyl; di ZtZlw IT ' Pent71 ' Vinn ' 

as cycloproovf ^alKeny! radicals, 

cvclchexenyl; and C c T^'' 

and naphthyl. ^ radicals < such as pheny i 

^ ParT^eT^rrt «*- 

^onaiiy co„taLi„T ad : i:::r O or s un :r urated ri - s ' 

«y be optionally substituted h h ^ " at °™ S ' and 

thioxo, »ino ol carLxTl 9en ' ^"^1, oxo, 

designated NG-93 21 " * C ^°- d ".r.io 

b S3 which contains a 13-membered rino 
In a preferred group of , 9 ' 

invention one or more of x "7 aCC ° rdin9 " ^ 
« C atoms substituted by oxo 5 r p " ~ " "L"" * ~» 
ere.n designated AC . 16 in „ hich J^TT 

iiJ >CH 2 and X 2 anH y ' Xl 

-rmula depicted in Scheme X ZLT^ ^ °* ^ 



Xi to 



atoms substituted'bToxo'JrouL^such Ij"^™ " C 
designated M . 1# in ^ " ™ h * S the ~pound herein 

x = are > C h 2 and x i, 15 ' NH ' Xl and 

k * ls carnonyl. and 

herein desianated EG- 4 s ■ • ■ " he c °mpound 

' ln w mch X 2 -: s S * 
Xx and x 3 are >CK 2 and y • . 15 ~ NH ' 

u 2 and X * iS c arbonyl (Scheme I) 
■^n another preferrpn •• 

X- chain together ^ith e 7°^"' ^ "<~ <* «» ^ 

- atom ad 3 acent to x s form 
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part cf a heterocyclic ring, such as the compound herein 
designated NG-93, in which X 3 and X 5 are -NH, X 2 and 
X« are carbonyl and they form part of a 13-membered 
heterocyclic ring (Scheme 1). 

The compounds of the invention may be prepared by 
several procedures . 

LDV analogues wherein X 4 is carbonyl and X 3 is 
nitrogen, e.g. compound AC- 16, are prepared from protected L- 
Asp, e.g. ,t-butyloxycarbonyl Asp (O-benzyl) wherein amide 
bonds (i.e., X 5 is -NH and X 2 is carbonyl) are prepared 
by coupling with carbodiimide as shown in Scheme 2. Ester 
bonds (X s is oxygen) and thioesters are also prepared by 
carbodiimide coupling. As a control, LEV analogues, such as 
the compound AC-22, are prepared according to the same 
synthetic scheme using as the starting material protected L- 
Glu, e.g. t-butyloxycarbonyl Glu- (O-benzyl ) . 

Cyclic peptides, e.g. NG-93, are prepared by stepwise 
synthesis on an oxime resin starting from Val attached to the 
resin and coupling of Asp followed by Leu. The peptide is 
then cleaved from the resin by an excess of t-Boc Q-amino 
acid. Removal of the t-butyl protecting groups followed by 
cyclization (DCC, 1-hydroxybenzotriazole ) affords the O-benzyl 
protected cyclic peptide which is purified by HPLC. 
Hydrogenolysis of the O-benzyl group (Pd/C 10%) at 
atmospheric pressure of H 2 gives the cyclic compound. 

LDV analogues wherein X* is sulfur and X s is 
nitrogen, oxygen or sulfur, e.g. compound LB-1, are prepared 
by a Michael addition of 4-methyl-l-pentanethiol to benzyl 
maleate. The addition takes place preferentially to the 
ester group. Coupling of the free carboxyl group with 
isobutyl amine, or alcohol or thiol (dicyclohexyl- 
carbodiimide, 1-hydroxy-benzotriazole ) affords the benzyl- 
protected analogue. The benzyl group is removed by catalytic 
hydrogenation and the product, e.g. compound LB-1, is 
purified, e.g. by recrystallysation . 
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The compound EG-45 (Scheme 1 ) is a LDV peptide surrogate 
that, in addition to lacking the two terminal groups, also 
has a peptide bond replaced by a peptide bond surrogate. 
Pseudo-S-CH 2 was chosen since its successful synthesis 
provides easy access to a new peptide bond replacement for 
peptides containing an Asp moiety next to the N-terminus . it 
is expected to be resistant to proteases and its lipophilic 
character can offer advantages . The synthesis of EG-45 was 
based on the Michael addition of a thiol to a bis-ester of 
itaconic acid, by the synthetic path outlined in Scheme 3 
herein . 

To rule out an irrelevant mechanism of inhibition, 
compound BL-34 (Scheme 1) was prepared in a way similar to 
that used for compound EG-45, with sec-butylamine used 
for the amide formation in the last step of the synthesis, 
and was used as a control in the cell adhesion studies. 

LDV analogues wherein X a and X* are carbonyl and 
Xx and X s are oxygen are prepared by Michael addition of 
malonic acid to diisobutyl maleate followed by 
decarboxylation. When x x and X s are nitrogen, Michael 
addition of malonic acid to maleic acid diisobutyl amide 
produces the desired compounds. 

Pharmaceutically acceptable salts of the LDV surrogates 
of the invention include but are not limited to inorganic 
salts, such as sodium, potassium, calcium and the like, and 
organic salts with amines or organic bases, such as 
piperidine, morpholine and the like. 

The LDV surrogates of the invention can inhibit 
biological interactions which are dependent on LDV 
recognition. Examples of versatile recognition processes 
mediated by the LDV pattern encompassed by the present 
invention include cellular and molecular interactions 
involving the LDV sequence by the integrin VLA-4 . Thus, they 
can also prevent metastasis. In addition, the surrogates 
inhibit lymphocyte interaction with certain antigen- 
presenting cells and thus inhibit T cell activation and 
migration, thereby preventing autoimmune diseases. 

The compounds of the invention can be administered to 
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the c ompound is employed in th ! t n ° n " tOX1C Wntity ° f 

™>Y be within th» "eaonent. Effective amounts 

^ witnm the range of 0 01 i-« i /, 

mg/kg on a region in sinL 9 Pr6ferabl y 0.5 

gunen m single or more divided daily doses 
The invention further provides a nJ 

nrcL :rr n9 . as actL -^^s 

capsule, solution « he form of tablet, 

- , 9 ' P rr " su ~ r ainin? fr °- ab °- - - 

mention or ^xt J " " ^ 

compou„ dsd in conventional ZZlr 3 th I'" * 
acceptable vehicle or Physiologically 
preservative, stabilise, etc "or"!' * XCipient ' 

intravenous administration 1 ! ? ' in ^« io - tor 

1-el of e . g . 7 ^ Stratl ° n "JT be prepared in saline, at a pH 

limiting it thereto. * lnventi °"' without 



EXAMPLES 

synthesij" s^roIateT" 9 ' ° £ 

« 100. 75 cheBical ^J °J~ 0P-«ing 

« an external standard. measured relative to TMS, 

exceptor BoTI^Io "T 1315 

^7 -carboxymPthvl-dort.^^ r aaponnrt 

a^tr:::: y rr: iimide (dcc> 

J ana I-hyaroxybenzotriazole (148 

- Q - 
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rag, 1.1 mrnol) in CH a Cl a / THF 1:1 (v/v) solution (7 ml,. 
The reaction was left overnight at room temperature. The 
solution was filtered to remove dicyclohexyiurea (DCU) 
generated in the reaction, and washed with dry CH a Cl 2 
Isobutyl amine (87 mg, 1.2 mrnol) was added and the solution 
was stirred for 5 h at room temperature. The solution was 
poured into aqueous 0.1 HC1 solution (10 ml) and the product 
was extracted twice, with chloroform (50 ml). The chloroform 
was dried over Na a S0« and was removed under reduced 
pressure. The crude coupling product was dissolved in 
CH a Cl a (4 ml) and was cooled to 0°C, trif luoroacetic acid 
(4 ml) was added and the reaction mixture was allowed to 
stand 30 min at 0°C and 1 h at room temperature. The solvent 
and the acid were removed under reduced pressure, thus 
producing N-tert-butyloxycarbonyl-4-benzyloxy-l-aspartic acid 
isobutylamide. The crude product was pure enough for the next 
step. 

N,N'-Dicyclohexylcarbodiimide (DCC) (226, mg, l.l.mmol) 
was added to a solution containing isocaproic acid (135 mg, 
1.0 mrnol) and l-hydroxybenzotriazole (148 mg, l.l mmol ) in 
CH.C1, / THF 1:1 (v /v) solution ( 7 ml ). The reaction was 
left overnight at room temperature. Dicyclohexyurea (DCU) was 
filtered off and washed with dry CH=C1 2 . The crude 
product from the previous step was added to that solution 
along with diisopropyl ethyl amine (260 mg, 2 mmol). The 
reaction mixture was stirred for 5 h at room temperature. The 
solution was poured into aqueous 5% NaHC0 3 solution (10 ml) 
and the product was extracted twice with chloroform (50 ml). 
The chloroform was dried over Na a SCU and was removed 
under reduced pressure. The product was purified by flash 
chromatography (ethylacetate : hexane 1:3 ratio) and the 
benzyl protecting group was removed by hydrogenation 
(ethylacetate, 10% Pd on charcoal, H a ) at atmospheric 
pressure. The title compound AC-16 was recrystallized from 
ethanol . 

NMR(CDCl3):7.08 (lH,d,J=7), 7.01 (lH,d,J=3), 4.75 (IK, 
ddd,7,4,3), 3.00 (2H, t,J«6), 2.80 (1H, dd,J=16,4), 2.64 UH, 
dd f 16,7), 2.18 (2 H,t,J=7), 1.7 (l H ,m), 1.51 (lH,m), i.49 
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(2H,m),0.83 (6H, d,J=6), 0.82 (6H,d,j= 7) . 

FAB MS : [ M+H ] - =287.3, [M-H] ~ =285.3. 

EXaiPPle ? " reparation of 

-7-carboxyethyl -dodecan^ (Compound ap-?^ 
The LEV surrogate AC-22 was prepared by the same 
procedure as compound AC-16, but using t-butyloxycarbonvl Glu 
(O-benzyl) instead of the Asp derivative, and was used for 
comparison with the LDV surrogate compound AC-16 

NHR (CDCl3):7.39 (Hl,t,J«5.6, , 6.98 (Hl,d, J=8 . 5 ) , 4 72 
(lH,ddd,J=ll. 0 ,8.5,6), 3.08(2H,m), 2.48(lH,ddd, J=16.5 8 ' 6 
5-3), 2.33(lH,ddd,J=16.5,7.2,5.0), 2.23(2H, t, J =1 .e' )f 2.06 

Hm!' I'll 'I"'™'' 1,78 (1H ' h6P ' " =6 ' 7) ' 1 " 55 LSI 
(2H,m), 0.89 (6H,d, J=6.7), 0.86 (6H,d, J-6 .8) . 

FAB MS : [M+H] -=301 . 3 , [M-H]*=299 . 3 . 

Preparation of thla _ q ___ p __ 

,7-carboxymethvl -dodecano fr omP ound T.R-i } 
4-methyl-i-pentanethiol (120 mg, imM) was added to a 
solutxon containing benzyl maleate (206 mg, ImM) in THF (5 
ml). The solution was stirred at room temperature for 12 
hours after which the solvent was removed under reduced 
pressure. The crude fixture was purified by fi asn 
chromatography (ethyl acetate : hexane 1:1 as eluent) The 
pure l-ben 2 yl-2- [ 4-methyl-pentylthio ] succinate was dissolved 
in methylene chloride (3 ml) and 1-hydroxybenzotriazole (148 
■g, 1.1 mmol) was added followed by DCC (226 mg, lml ^ ) . 
Tne solution was stirred at room temperature for 5 h the 
precipitated DCU was filtered off and isobutyl amine (8 7 # mg, 
1-2 mmol) was added. The solution was stirred for 5 h at room 
temperature, poured into aqueous 0.1 HC1 solution (10 ml) and 
the product was extracted twice with chloroform (50 ml). The 
chloroform was dried over Na 2 SO. and was removed under 
reduced pressure. The crude product was purified by flash 
chromatography using ethylacetate : hexane 1:4 as eluent 
The benzyl group was removed by hydrogenation (Pd/C 10% ir 
ethyx acetate, H 2 1 attn, and the final oroduct was 
recrystallized from ethanol -water mixture. 
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Example 4. Preparation of 8-methvl -3-f 2-methvlpronvl - * m j 

carbonvl ) -5-thi anonanoic: acid ( Compound EG-45) 
The synthesis of compound EG-45 was carried out as 
depicted in Scheme 3 herein. Starting from itaconic acid 1, a 
monoallyl ester at the 0-position 2 is formed under acidic 
conditions. This was verified by "C-NMR which indicates 
that of the two carbonyl signals of itaconic acid at 166.89 
and 171.47 ppm, corresponding to the unsaturated and 
saturated carbonyls, respectively, only the 171.47 ppm 
resonance was shifted upfield to 169.58 ppm upon 
esterification. The same shift was observed for the known 
itaconic acid P-methyl ester, which was prepared for 
comparison. An allyl protecting group was chosen because it 
is easily removed under mild, neu .ral conditions. It was 
anticipated that removal of a protecting group under harsh 
conditions in the last step of the synthesis, could be 
accompanied by a cyclic imide formation. The p-nitrophenyl 
ester 3 was prepared using DCC as a coupling agent. Michael 
addition of 4-raethylpentane thiol to p-nitrophenyl ester 3 in 
DMF at room temperature using diisopropylethylamine as a 
base, followed by addition of isobutylamine without isolation 
of the Michael adduct gave allyl ester 4, which was purified 
by chromatography. Deprotection , using Pd(PPh 3 ) 4 and 
sodium borohydride in THF yielded the desired product 
compound EG-45. 

4a) Synthesis o f B-allvl itaconate 2 : Acetyl chloride 
(0.1 ml) was added to a suspension of itaconic acid 1 (5 g, 
38.5 mmol) in allyl alcohol (6.8g, 120 mmol) and the solution 
was refluxed for 30 min. Excess alcohol was removed under 
reduced pressure and the resulting oil was dissolved in ether 
and extracted into 5% NaHC0 3 solution. The aqueous layer 
was then acidified and extracted four times with ether. The 
ether layer was dried with Na 3 SCU and the ether was 
removed under reduced pressure. The resulting oil (2) was 
pure enough for the next step. 

4b \ Preparation o - compound 4 :N,N' - dicyclohexylcarbo- 
diimide (DCC) (226 mg, i.i mmol) was added zo a solution 
containing 3-allyl it aC onate 2(170mg, 1.0 mmol) and p- 
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nitrophenol (153 mg, L1 ^ , in CH2Cl2/THF ^ 
solution (7 ml). The re , ctiQn was left for 18 _ hr at ^ 
filtered to remove DCU, and washed with dry CH 2 C1 ' 
Isoamyl thiol (208 mg, inunol) was added to the crude 
mtrophenyl ester 3 and diisopropylethyWne (260 ma 
mmol) was added. The solution was stirred at 22°C until V 
starting material could be detected by TLC (developed w ith ° 
ethylacetate:hexane l :4 and sprayed with phosphomolibdi 
acid), isobutyl a^uine (70 mg, ^i, was added and the 
solution was stirred for another 5 hr. The solvent was then 
removed under reduced pressure and the crude reaction mixture 
was flash chromatographed (ethyl acetate/hexane; l :8) to 
yeild pure compound 4 (200 mg,50% yield). 

, 4c ) Preparation of rn, r „ ^ ^. In order fco 
the protecting groups, tetrakis ( triphenylphosphine) 
palladium (57 mg, 0.05 mmol, 10 mol%) was added to a solution 
of pure 4 ( 200 mg, 0.5 mmol) and sodium borohydride (40 mg i 
mmol in dry tetrahydrof uran . The solution was left stirring 
under an argon atmosphere for 3 hr, after which no starting 

material could be detected bv ttp q-h Q e «i • 

LLeQ DV liC - The solution was poured 

into 5% aqueous NaHC0 3 solution and washed with ether The 
aqueous layer was then acidified with dilute HC1 and 
extracted with ether. The resulting product EG-45 was judged 
pure by x H -NMR and TLC ( one spot,ethyl acetate as eiuant^ 

NMR(CDCl3): 5.15 (lH,br t, J= 6.6), 3.O8 (2H, t, j-e'.S). 
2-82-2.59 (5H,m), 2 .50(2H, t, J=7 .7), lm16 (ls , 7 lines 
J-6.6), 1.60 (1H, 7 lines, j- 6 .7), 1.41 (2H, q , J=7 .7), 0.89 
(6H, d,J=6.7), 0.87 (6H, d,J=6.6). 

FAB MS: [M+H]-=290 . 2 , [M-H] -=288 . 2 . 

Analysis: calculated for C«H a ,N0,S: C, 58.13 F 
9.34, N 4.84, S 11.06. Found: C, 57.85, H 9.06, N 4 74 ' S 



10.6 



Example 5. Preparation of ft_ me thv] - m ^H T lprnnv1 mmi nn _ 
carbonyl)-S-thianonr.noic aciH f r ^ POU nd rt.-74 } 

Compound 3L-34, used for comparison with EG-45 was 
prepared by the same procedure as compound EG-4 5 in Examole 
ouz using sec-butylamine instead of the isobutvlamine . The 
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resulting mixture of ciiastereomers was used without further 
separation . 

NMR(CDC1 3 ): 5 . 9 7 ( 1H , d , J=8 . 4 ) , 3.89(lH,m), 2.80(2H,m), 
2.79-2.59(3H,m), 2 . 53 ( 2H, t, J=7 . 7 ) , 1.46(lH,m), 1.13(lH,q, 
J=6.6), 0.93(6H,m), 0 . 89 ( 6H , d , J=6 . 6 ) . 

FAB MS: [M+H]~=290 . 1 , [M-H]~=288.3 

Example 6. Preparation of Compound NG-93 

N-a-tBoc-Valine was coupled to an oxime resin (DeGrado, 
W.F. and Kaiser, E.T., 1980, J. Org. Chem. 45:1295) using DCC 
as the coupling reagent. Thus oxime resin (2.00g) was added 
to a solution containing N-a-tBoc-valine (1 mmol) and DCC (1 
ntmol) in methylene chloride (10 ml). The mixture was shaken 
for 15 h, washed with methylene chloride, DMF, isopropanol 
and methylene chloride and dried in vacuo. The rest of the 
synthesis was carried out manually coupling being carried out 
with 3 equivalents of the appropriate tBoc-amino acid 
symetric anhydrides; (Asp and then Leu). The peptide was 
cleaved from the resin with a 3 fold excess of 0-alanine-O-t- 
butyl acetate in DMF/CH 2 C1 2 1:1 for 4h and was washed 
from the resin with DMF. Deprotection of the t-butyl ester 
and t-butyloxycarbonyl groups was achieved by treatment in 
TFA:CH=C1 2 1:1 for 30 min and Ih at room temperature. The 
solvent and the acid were removed under reduced pressure and 
cyclization was achieved with DCC and 1-hydroxybenzotriazole 
in CH 2 Cl a . Hydrogeno lysis of the benzyl protecting group 
was carried out with ethylacetate , 10% Pd on charcoal and 
K 2 at atmospheric pressure. The final product was purified 
by reverse phase chromatography followed by reparative HPLC 
purification . 

All compounds prepared by this method had NMR and FAB-MS 
spectra consistent with the proposed structures. 

Example 7. Inhibition of T c ell adhesion to ECM proteins 

Cell recognition via attachment to the ECM and its FN- 
giycoprotein component is a complex process involving 
multiple cell-liganc interactions. The high frequency of the 
V segment in ECM-derived FN, as compared to that found 



in 
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plasma FN implies that the VLA-4 integrin plays a major role 
in cellular interactions with immobilized FN. Indeed, this 
integrin was shown to participate in various processes, such 
as lympho-hemopoiesis , bone marrow cell differentiation, 
VCAM-1 recognition, cell activation, and the binding of FN to 
several cell types, including tumor cells and lymphocytes 
(Elices et al,1990; Shimizu et al,1990; Roldan et al,1992). 
The minimal recognition site on FN for the VLA-4 integrin 
appears to be restricted to the alternatively spliced V 
region and is blocked specifically by the LDV-containing 
peptides (Humphries et al, 1986). 

7a, Preparation of CD4^T cell. 

CD4-T cells were purified from the peripheral blood of 
healthy human donors. Mononuclear leukocytes were isolated 
using Ficoll gradients, washed and incubated in RPMI 
supplemented with 10% FCS and antibiotics in petri dishes at 
37 °C humidified C0 2 incubator. After 2 h, the non-adherent 
cells were isolated and applied on nylon-wool columns (1.5 
h). The CD4*- T cells were then negatively selected by 
exposure of these cells to a mixture of anti-CD8, CD19, and 
CD14 monoclonal antibodies (mAb) conjugated to magnetic-beads 
(Advanced Magnetics, MA). Cells that did not bind to the 
beads were exposed to a second round of negative selection. 
The resulting cell population, which consisted of over 90% 
CD3-** CD4-*- cells, as determined by FACScan analysis (not 
shown), was used as the source of human CD4^T cells. 

7b. T cell adhesion to ECM proteins. 

To examine the adhesive properties of human CD4*T 
cells to ECM components, ECM components were first bound to 
polystirene wells. FN or laminin (LN) (Sigma; 1 mg/50 ml 
medium/well) was added to 96-well flat-bottom microtiter 
plates (Costar) and incubated for 2 hours. Unbound protein 
was removed by washing and the remaining binding sites on the 
plates were blocked by 1% BSA (Sigma) in PBS. The T cells 
were radioactively labeled with 5i [Cr] (New England 
Nuclear) and activated with phorbol myristate acetate (PMA; 
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integrins, abolished T cell adhesion to both adhesive 
glycoproteins . 

To analyze the specific inhibition of T cell adhesion to 
FN by LDV and RGD peptides, the inhibitory capacities of 
these peptides at a fixed concentration of 600 j-ig/ml were 
analyzed. Both reagents appeared to inhibit the CD4~T cell* 
FN adhesive interaction, although the RGD-peptide inhibition 
was stronger than that of the LDV-containing peptide (80 and 
46% inhibition, respectively). This mode of inhibition was 
specific: neither peptide interfered with the integrin- 
mediated interactions of the T cells with LN (Table 1). 



Table 1. Involvement of 6 1 -integrins in the adhesion of human CD4+ 
T cells to FN and LN. 



Percent T cell adhesion to: 



-Inhibitor of cell adhesion FN LN 

None 60±6 50±5 

mAb to: 

CD-29(Pi) 11=3 10±4 

VLA-4 (ai) 25±3 47±5 

VLAo(as) 1S±4 53=3 

VLA-6 (ag) 57±4 14±3 
Peptides 

EILDVPST 34±3 ^6±4 
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these molecules. Analogously, none of the indicated 
surrogates inhibited a lectin ( PHA) -induced T-cell 
proliferative responses and TNF-a secretion (data not shown). 

To compare the kinetics of the inhibitory effect of the 
LDV analogues on CD4* T cell adhesion to FN, the cells were 
treated with the various inhibitors at 200, 400 and 800 
ug/ml, and their ensuing FN-adhesiveness was examined .Values 
+SD are shown in Fig. 2 (one experiment representative of 4). 
The results, shown in Fig. 2, indicate that (a) compounds AC- 
16 and BL-34 had no effect; (b) at 400 and 800 ug/ml, 
compound EG-45 was a better inhibitor of cell adhesion than 
AC-16 and the LDV-containing peptide; and (c) an amount of 
200 ug/ml of the particular inhibitors was only marginally 
effective in inhibiting cell adhesion to immobilized FN. 
Note that at a concentration of 800 ug/ml, both the LDV 
peptide and the AC-16 surrogate exerted a similar inhibitory 
effect. 

The inhibitory capacities of the LDV-peptide and EG-45 
surrogate on cell attachment to FN was compared at various 
concentrations . The results indicate that while as the 
effective dose (ED) so of the two compounds were quite 
similar, i.e. 275 and 310 ug/ml, respectively (Fig. 3), the 
maximal inhibitory effect of compound EG-45 was markedly 
higher than that of the LDV peptide (53 vs 36% at 1 ug/ml, 
respectively). Thus, compound EG-45 could be considered as a 
potent antagonist of integrin recognition of FN and the 
subsequent adhesive interactions, indicating that the LDV 
mimetics can inhibit T cell mediated immune responses also 
in-vivo. It had been shown that treatment of mice with a 
synthetic EILDVPST peptide inhibited the induction of 
contact sensitivity, a T cell mediated immune reaction in the 
dermal micro-environment of mice (Ferguson et al, 1991). Our 
results strongly suggest that the LDV surrogates may indeed 
serve as inhibitors of inflammatory reactions. 

It appears from these experiments that the integrin 
binding site of the LDV sequence is composed of two 
hydrophobic pockets that surround a binding site for the Asp- 
carboxylate group. Interestingly, the Asp residue has been 
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later as a measure of DTH. The mice were treated following 
thexr OX-priming with intravenous injections of 25 ug of the 
LDV-containing peptide or the LDV-mimetic AC-16, or with PBS. 
The results are shown in Table 2. 

The purpose of this experiment was to examine the 
possible usage of the LDV-analogue on T-cell mediated immune 
response in vivo. The results shown here strongly indicate 
that AC-16 can indeed serve as a powerful inhibitor of T-cell 
immunity, being this capable of inhibiting autoimmune 
disorders, allergy and other processes which involve T-cell 
migration through ECM. 



TABLE 2 

Specific Inhibition of DTH Response in vivo to OX 
by Treatment of Mice with Compound AC-16 



Treatment of Mice 



Compound 



None 
LDV 
PBS 
AC-16 



Measurement of OX-mediated 
DTH response 



Ear swelling 
(x 10- 2 mm±SD) 



21 + 2 
18 + 3 

22 + 3 
13±2 



% 

Inhibition 



14 
0 
39 



The results shown here indicate that daily 
administration of the LDV-mimetic, but not the LDV-peptide or 
PBS, inhibited markedly DTH response in vivo. 
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CLAIMS 



A compound of the general formula I 




wherein 

X. to X, are the same or different c, N, o or s 

-7 be optionally substituted by radicals selected from 
halogen, hydrocarbyl, oxo, thioxo, amino and carbosyl, or 
the x,-x, chain or part thereof may form part of a 

heterocyclic r^nrr 

r.ng, and pnaraaceutically acceptable salts 

thereof . 



2- A compound as clawed in claim ! wherein Xl , X, 

and X. are c and X, and X, are N. 



A compound as claimed in claim 2 of the formula 
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4. A compound as claimed in claim 1 wherein X Xf X 3 
and X* are C f X 2 is S and X 5 is N. 

5. A compound as claimed in claim 4 of the formula 

O 




OH 

EG-45 

6. A compound as claimed in claim 1 wherein Xa_, X 3 

and X* are C, X 3 and X 5 are N and together with the C 
adjacent to X 5 they form a 13-membered heterocyclic ring, 
of the formula 




N r G-9 -> 



7 . A compound as claimed in any of claims 1 to 6 which 
inhibit cellular or molecular interactions which depend on 
recognition of the LDV sequence. 

8. A pharmaceutical composition comprising a compound 
of formula I in claim 1 , or a pharmaceutical ly acceptable 
salt thereof, and a oharmaceuricaiiv acceorable carrier. 



WO 94/02445 



1/3 



PCT/US93/07012 




Q FN 
■ LN 



80 



% T cell adhesion 



WO 94/02445 



2/ 3 



PCT/US93/07012 




□ 800 

DO! 400 

■ 200 



80 



% Inhibition of T cell adhesion to FN 



WO 94/02445 



3/3 



PCT/US93/070I2 



60-1 




Concentration of inhibitor (ng/ m i) 



Fig. 3 



INTERNATIONAL SEARCH REPORT r 



Tnr L ^ SS ' FI S^ ( i'iOF SUBJECT MATTER — 

IPC 5 C07C237/06 A61K31/16 C07C323/60 C07K7/56 



Inter ttt«enal Application No 

PCI /US 93/07012 



Accontng to Internal Patau CW caaon (IPC) or to both nanon.1 cla^flcn on and IPC 
B-HELDS SEARCHED 



ip 1 ^ doeu co7c° n C07K <diSlCcinon ' a * M « db » d -««" 



symbols) 



Documenuooo searched other dun minimum documauac. 



o die extent that such document! are included in the fields searched 



C. DOCUMENT'S CONSIDERED TO BE RELEVANT 

Category ' | Qtanon of documou. w.th mchcaooc, where appropnale, of me relevant paoage, 



JOURNAL OF BIOLOGICAL CHEMISTRY 
vol. 266, no. 23 , 15 August 1991 
BALTIMORE, MD US 
pages 15075 - 15079 

Koraoriya A et al 'The minimal essential 
sequence for a major cell type-specific 
adhesion site (CS1) within the 
alternatively spliced type III connecting 
segment domain of fibronectin is 
leucine-aspartic acid-valine' 
see page 15077, right column, line 3 - 
page 15078, right column, line 44 

W0.A.91 03252 (WAYNER, ELIZABETH) 21 March 

see abstract; page 29, line 31 - page 30, 
line 32; claims 1, 6-10, 25-29 



Relevant to claim No. 

1.7 



1,7,8 



I | } Fu *her documents are luted m the continuation of box C 
* Spcaal categories of a ted documents : 

A tSZ^^ 8 ^ gtneraJ state of the art which is not 
considered to be of particular relevance 

E ' X^^T"" bUt on or after the internanonal 

*L' <locumcnt which may throw doubts on pnonty daun/i) or 
which is ated to establish the publication date onSoto 
atation or other tpcaal reason CtTspeafied) 

"°* < ^^! mn% t ° lnoraJ use, exhibition or 

P 1S^5^ Aed P"* to me Int cnunonal filing dale but 
later than the pnonty date claimed 

Date of the actual completion of the international search 

25 October 1993 

Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 

NL - 2280 HV Rijswijk 

Td. (t 31-70} 340.2040, Tjl 31 651 epo nl 



|T"| tody members are luted m annex. 

T later document published after the intemationai filing date 
a Wtotmderstand the pnnaplc or theory underlying the 

" X# ^^1^-^ ^T""* Maimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

Y ' 0f P a ? cu !? r "ievtnce; the daimed invention 

^"J* considered to involve an inventive step when the 
document u combined with one or more cnhcrluch docu- 
S^art. comhn * aon ocm 8 obvious to a person skilled 

document member of the same patent family 

Date of mailing of the mternaaonal search report 

' 9- 11. 93 

Authorized officer 



ccitrrnT 



